Different Activities of 5-Hydroxy-dUMP and 5-Hydroxymethyl-dUMP in Thymidylate Synthase-Catalyzed Reaction in View of Molecular Modeling and Structural Studies.
In order to explain different activities shown by 5-hydroxy-dUMP (substrate) and its close analogue 5-hydroxymethyl-dUMP (slow-binding inhibitor) in the reaction catalyzed by thymidylate synthase, studies have been undertaken involving (i) ab initio RHF simulations, (ii) comparative analysis of crystallographic structures available from CSD, and (iii) QSAR analysis of experimental results describing thymidylate synthase interaction with various 5-substituted dUMP analogues. Assuming substrate activity of 5-hydroxy-dUMP to be associated with proton release from the C(5) hydroxyl in the enzyme-catalyzed reaction, acidities of 5-hydroxy and 5-hydroxymethyl substituents in dUMP molecule were compared. The results indicate the 5-hydroxyl deprotonation to be easier and supported by resonance electronic effect, pointing to a probable mechanism of different activities of the two dUMP analogues in thymidylate synthase reaction. The possibility is discussed that 5-mercapto-dUMP and 5-hydroseleno-dUMP, previously assumed to be inhibitors, could be also substrates for thymidylate synthase, as the 5-mercaptyl and 5-hydroselenidyl appear to be deprotonated even more easily than the 5-hydroxyl. Copyright 2000 Academic Press.